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.2012.11.Abstract Parthenin is a natural constituent of Parthenium hysterophorus with phytotoxic and alle-
lopathic properties. The present experiment was undertaken to determine the allelotoxic effect of
parthenin on cytomorphology of Vicia faba L. The seeds were treated with different concentrations
(100, 200, 300 and 400 lM) of parthenin for 8 h. The higher concentrations signiﬁcantly reduced
germination and seedling growth. A signiﬁcant reduction in mitotic index was observed in seeds
exposed to parthenin compared to control which decreased with an increase in concentration of
parthenin. On the basis of these results, it was concluded that all parthenin concentrations signif-
icantly affect the cytomorphology of V. faba, while higher concentrations of parthenin were found
to be more mutagenic and cytotoxic.
ª 2012 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Allelopathy is deﬁned as any direct or indirect positive or neg-
ative effect of one plant on the other (including the microbes)
through the release of chemicals into the environment (Rice,
1984). It plays a signiﬁcant role in agroecosystems, and affects
the growth, quality and quantity of the product (Kohli et al.,
1998; Singh et al., 2001). Parthenium hysterophorus is an
obnoxious, aggressive, neotropical composite weed that has
spread very fast in India and other parts of the world. It exerts9045233240.
.com (K.M. Abdul Raoof).
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ronment (Kohli and Rani, 1994; Evans, 1997). Allelopathic
properties of this weed have been well demonstrated (Wakjira
et al., 2009; Singh et al., 2003). Due to the action of allelo-
chemicals, a large number of physiological functions and bio-
chemical reactions are affected, such as seed germination, cell
division, cell elongation, membrane permeability and ion up-
take (Ortega et al., 1988; Tomita-Yokotani et al., 2005; Setia
et al., 2007).
In recent decades many researchers, such as Einhellig
(2002), Yang et al. (2002), Batish et al. (2002), Setia et al.
(2007), Jabeen et al. (2011) Raoof and Siddiqui (2012a,b),
Sisodia and Siddiqui (2010) have reported the effect of various
allelochemicals of different plants on physiological and bio-
chemical processes but reports regarding effects of allelochem-
icals on cytology of plants are still scanty. So, in the present
experiment an attempt has been made to evaluate the effect
of parthenin from P. hysterophorus on the cytology and mor-
phology of Vicia faba, broad bean.vier B.V. All rights reserved.
Table 1 Effect of parthenin on germination, root length and
shoot length of Vicia faba.
Concentration
(lM)
Germination
(%)
Root length
(cm)
Shoot length
(cm)
0 98.33 ± 0.88a 9.83 ± 0.20a 6.73 ± 0.09a
100 91.33 ± 0.67b 6.43 ± 0.12b 4.30 ± 0.12b
200 83.00 ± 0.58c 4.46 ± 0.09 2.60 ± 0.11c
300 76.00 ± 0.57d 3.23 ± 0.13d 2.13 ± 0.03d
400 65.33 ± 0.88e 1.73 ± 0.12e 1.56 ± 0.03e
Data are mean (±S.E.) of three replicates; different superscripts in
a column indicate signiﬁcant difference at P< 0.05.
Table 2 Effect of parthenin on mitotic index of Vicia faba.
Concentration
(lM)
Total no. of
observed cells
Total no. of
dividing cells
Mitotic
index (%)
0 1200 564 47.00
100 1227 496 40.42
200 1342 521 38.82
300 1172 394 33.62
400 1246 386 30.79
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2.1. Collection of plant material and seeds of V. faba
Leaves of P. hysterophorus L. were collected locally from wild
growing stands. These were shade-dried and powdered. Seeds
of V. faba were obtained from the Department of Agronomy,
Indian Agricultural Research Institute.
2.2. Extraction of parthenin
Parthenin was extracted from the shade-dried leaves of
P. hysterophorus following the method of Saxena et al. (1991).
For growth experiments, solutions of parthenin were prepared
by dissolving the requisite amount of parthenin in 2 mLof abso-
lute alcohol and made the ﬁnal volume with distilled water.
2.3. Growth experiments
In this experiment, the effect of four concentrations of parthe-
nin, i.e. 100, 200, 300, and 400 lM was studied on the early
growth of V. faba. Seven seeds of V. faba were allowed to ger-
minate and grow in a 15 cm diameter Petri dish lined with
Whatman No. 1 ﬁlter paper moistened with the respective par-
thenin solutions. For each treatment there were three repli-
cates. Treatment with distilled water in a similar manner
served as control. The entire set-up was kept in a growth cham-
ber at 25 ± 2 C temperature, 74 ± 2% relative humidity and
16-h light:8-h dark photoperiod. After 7 days, seedling growth
in terms of radicle length and shoot growth were measured.
The experiment was repeated twice.
2.4. Treatment of V. faba with parthenin
Dry and healthy seeds of V. faba were surface sterilized with
0.5% sodium hypochlorite for 20 min, washed thoroughly with
distilled water and soaked in distilled water for 2 h. Seeds were
then soaked in test tubes containing 25 mL of parthenin solu-
tion of different concentrations (0, 100, 200, 300, and 400 lM)
for 8 h. Control was treated with distilled water. Each group
comprised of 21 seeds each. The seeds were thoroughly washed
in running tap water 2–3 times. The seeds were then spread
over moist cotton kept in Petri-dishes (15 cm diameter) and
placed in a Biological Oxygen Demand incubator (BOD) at
25 ± 2 C for further observation. The root tips of germinated
seeds were used as a source of mitotic cells. The root tips were
washed in water, ﬁxed in a solution of glacial acetic acid and
absolute alcohol in the ratio of 1:3 for 24 h and stored in
70% alcohol until further use. The ﬁxed roots were washed
and hydrolyzed at 60 C for 10 min, in 1 N HCl. Root tips
were stained with 2% acetocarmine and squashed on a slide,
mounted and observed under microscope.
2.5. Statistical analysis
Germination and seedling growth bioassays were calculated in
a complete randomized design with three replications. The
data were subjected to one-way analysis of variance, and treat-
ment means separated from the control at P< 0.05 applying
post hoc Duncan test. Statistical analysis was done with SPSS
16.0 for Windows statistical software package.3. Results
3.1. Effect of parthenin on germination
Parthenin exerted a phototoxic effect on germination of the
seeds of V. faba. The germination on the control was
98.33%. The degree of inhibition increased with increasing
the parthenin concentration. Maximum reduction (34.67%)
was observed in 400 lM. It is followed by 300, 200 and
100 lM. At the highest parthenin concentration the seed ger-
mination was signiﬁcantly inhibited compared with control
(Table 1)
3.2. Effect of parthenin on root length and shoot length
Parthenin at all concentrations inhibited the root length and
shoot length of V. faba compared with the control and the de-
gree of inhibition increased with increasing parthenin concen-
tration. In control the root length and shoot length are 9.83
and 6.73 cm respectively. The highest concentration (400 lM)
resulted in 82% (1.73 cm) and 76% (1.56 cm) reduction in root
length and shoot length over the control respectively (Table 1).
The degree of inhibition was in the following order
400 > 300 > 200 > 100 lM.
3.3. Effect of parthenin treatment on mitotic chromosomal
aberration assay
The mitotic aberrations were positively correlated with the
treatment concentration. The highest value of mitotic index
(40.42%) was recorded in 100 lM parthenin concentration.
The lowest value of mitotic index (30.79%) was observed in
400 lM (Table 2). Mitosis was perfectly normal in the control
plant showing 12 chromosomes at metaphase which segregated
into 12:12 at anaphase and telophase was normal. However a
Plate 1 Microphotograph showing different chromosomal aberrations in root tip cells of Vicia faba L. (a) Chromosome bridge in
telophase; (b) c-metaphase; (c) stickiness at anaphase; (d) chromosomal bridge in anaphase; (e) anaphase with forward lagging
chromosome.
Table 3 Frequency of chromosomal aberration at different stages of mitosis (metaphase, anaphase and telophase) in total number of
observed cells induced by parthenin in root tip cells of Vicia faba L.
Chromosomal aberration Concentration (lM) Abnormal RTC (%)
0 100 200 300 400
c-Metaphase 00 2 (0.40) 2 (0.38) 5 (1.27) 7 (1.81) 3.86
Stickiness 00 6 (1.21) 9 (1.73) 13 (3.29) 17 (4.40) 10.63
Laggard 00 2 (0.40) 6 (1.15) 11 (2.79) 15 (3.89) 8.23
Bridges 00 6 (1.21) 7 (1.34) 13 (3.29) 19 (4.92) 10.76
Within the parenthesis is the percentage of chromosomal abnormality.
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tip cells treated with different concentrations of parthenin
(Plate 1). The most frequent aberrations were bridges, sticki-
ness, c-metaphase, etc. while the other kind of aberrations in-
cludes precocious separation, fragmentation, laggards,
micronuclei etc. The maximum percentage of aberrations was
found at higher concentration of the treatment, (Table 3).4. Discussion
Allelochemicals reduced the germination and seedling growth
of various weeds and crops as has been reported earlier (Batish
et al., 2002; Singh et al., 2002; Mushtaq et al., 2010; Raoof and
Siddiqui, 2012a,b; Badmus and Afolayan, 2012; Ehsan et al.,
2012; Mubeen et al., 2011). The present investigation con-
formed that parthenin inhibited the germination and seedling
growth of V. faba.
Mitotic studies showed that the allelochemicals were effec-
tive in inducing various chromosomal abnormalities. This
study suggests the cytotoxicity of parthenin released by
Parthenium probably interferes with the normal cell division
and led to these chromosomal aberrations. The effect ofAmaranthus and Cyperus weed extract shows inhibition on mi-
totic index of soybean at different concentrations (Chaniago et
al., 2006). Kumar et al. (2004) also reported the effect of
Parthenium extract on the cytomorphology of Trigonella.
Hegazy et al. (1990) andOrtega et al. (1988) also reported effects
of allelochemicals on mitotic cells with increasing extract
concentration.
The reduction in number of mitotic cells in the root tip of
V. faba seeds exposed to parthenin could be due to its mecha-
nism of action on cell cycle progression. Very few literatures
are available on allelochemical cytotoxicity. Kumar and Gau-
tam (2008) reported the allelotoxicity of Parthenium leaf on
sunﬂower. c-Mitosis is commonly associated with spindle poi-
soning as reported by Shahin and El-amoodi (1991). Inhibition
of spindle formation by parthenin may result in such type of
chromosomal aberrations. Sticky chromosomes may be due
to the denaturing activity of parthenin on nuclear proteins
such as DNA topoisomerase II, which might also interfere
with chromosome segregation (Panda and Panda, 2002). Chro-
mosome bridges may be due to the chromosomal stickiness
and subsequent failure of free anaphase separation or may
be attributed to an unequal translocation or inversion of chro-
mosome segment (Gomurgen, 2000)
146 K.M. Abdul Raoof, M.B. SiddiquiIn conclusion, the result of the present study showed that
the parthenin has considerable inhibitory effect on seed germi-
nation, seedling growth and increases chromosomal aberra-
tions in root tip cells of V. faba. Based on the incidence of
various kinds of chromosomal anomalies as reported in this
study, perhaps it might be logical to conclude that parthenin
may exhibit genotoxic effect on the plant at higher doses. Fur-
ther, a deeper understanding of the mechanism of allelotoxicity
in crop plants such as V. faba is important.
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